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Refltctaaee of lAtUfi Accumiilatioii Lnrob at 
Five Wavdengtha Within the 0.5* to 2.5*Mm Wiveband 


The quantity of biomass on the soU surface is important to a ranft or farm 
manager in determining the capacity or duration of a grazing period and protect- 
ing the soil from water and wind erosion. The deduction of biomass levels from 
reflectance measurements would allow the range manager to base grazing deci- 
sions on data that are more current, more representative of the area being grazed, 
and that are available in a more timely manner than is possible with ccxiventionai 
methods. Data with these attributes would reduce the odds that the range would 
sustain damages due to overgrazing. 

Pearson and Miller (5) found that over the 0.35- to 0.80-jLim waveband, per- 
cent reflectance increased as biomass decreased, bare soil had a higher reflec- 
tance than dead vegetation, and green vegetation had a lower reflectance than 
either the bare soil or the dead vegetation. 

Learner et al. (3) reported that bare soil had a higher reflectance than green 
vegetation at ail wavelengths (WL) between 0.50 and 2.50 /im except those 
between 0.75 and 1.30 pan, at which green vegetation had higher reflectances. 
The important WL for determining percent cover for two wheat cultivars from 
reflectance data were 0.65 to 0.75, 0.90, 1.10. 1.65, and 2.2 porn. However, the 
linear correlation coefficients for the relation between percent cover and reflec- 
tance at the 1.65- and 2.20-pm WL were higher than those at other WL through- 
out more of the growing season. 

Gausman et al. (2) reported that for five out of six crops reflectance differ- 
ences between dead leaves and bare soils were greatest for WL from 0.75 to 
1.35 pm. 
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StiDdtng sufuretnt midut (tugircut kiUtd by firott) tad toil wtn Itu 
rtfltethrt than but soil or soil eovtttd with littoiad itiidut (1). Hi* standinf 
MiaKaita taaidua wu Ian raflacttva than tha littaiad raaidua'baci^ of thadowi 
la tha (Md of Ttaw. 

Our maia objactiva waa to datanaiaa tha affaet of plaat Uttar accuiaulatioas 
baaaath paiaaaial gran cano|Uaa oa laflactaaeaa at tha 0 0.65>, 0.85-, 1.65*. 

aad WL. 


MATERIALS AND METHODS 

A coastal ranga sita loeatad on a Galaaaton sand (lypie Udlpsammants) with 
a natiaa vagatation canopy consisting mtfnly of tha bttach gran saaseoast biua 
stam (Andropogon seopariti r$t. liUondist salactad for ona study sita. Tha 
sita had not baan gsv^ for about 2u - ru- and a larga quantity of Uttar had 
built up batwaan tha soil surfaca and U . ^4an canopy. 

A randomiaad complata block design, rapUcatad four tiinas, with four traat- 
mants appiiad to each of four l-m2 plot areas was used. Tteatmants and order of 
q>pUcatioa waia: (1) live vegetation and Uttar intact (LU); (2) Uve vegetation 
intact, with ona-half of Utter removed (LIHLR); (3) live vegetation intact, with 
aU Uttar removed (LIALR); and (4) iiva vegetation clipped, with Uttar and live 
vegetation removed (LLR) (Fig. 1). 

ReOactance spectra for all studies were taken with an Exotech Model 20 field 
spactroradlometer (3). (Mention of company or trademark is for the reader’s 
banaflt and does not constitute endorsement of a particular product by tha U. S. 
Department of Agriculture over others that may be commercially available.) 
Ona spectrum each for incoming and outgoing radiation was taken for each treat* 
mant on each plot; 60 seconds were requited to complete both spectra. Raflac* 
tance readings were taken from a circular area about 30 cm in diameter within 
each l*m2 plot by positioning the instrument directly over tha canter of tha 
plots at a height of 1 m above ground. Reflectance maasuramants were made 
during tha same time period (1030*0230) each day. Outgoing radiation was 
ratioad to incoming radiation to calculate percent reflectance. 

An F ratio was caicuiatad for each of five WL (0.SS, 0.65, 0.85, 1.65, and 
2.20 pm) to test for signifleanca among treatment means, and means for each 
wavelength were compared with Duncan’s multiple range test (p - 0.05). 

Tha 3 canopy components, inflorescences and stetiu, standing green, and 
standing brown biomass were determined by dipping the canopy at ground 
level in 20 quadrats (each 50 cm by 50 cm) and separating tha clippings into the 
3 components. The 20 quadrats were loeatad next to the l*m2 areas used for 
making canopy reflectance meuursments. 

The other study site was four l*m2 plot areas planted to grain sorghum 
[Sorghum bicolor (L.) Moench] on Hidalgo sandy day loam (Typic Calciustolls). 
The plants emerged about September 21, 1978, with populations of 228, 261, 
270, and 300 plants/plot. 

Reflectance wu meuured on October 18, 1978, whan the plants were about 
30 cm tall. After reflectance of plants wu meuured, the plants were clipped and 
removed from the piot area. The reflectance of the remaining stubble and the 
now*axposed dry, crusted soil surface wu then meuured. 
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Studtnt's t tMt (p ■ 0.01) WM uMd to comput itfltctanet mtaiu for plantt 
with thow for stubbl* ind txpoitd toil at th« 1.66* and 2.20^ wnr«i«n|tbs (6). 

RESULTS AND DISCUSSiON 

Tht appoaianet of tha 1 gran plots on ths cosstsl isnd nngt sits is shown 
in Fig. 1. 

Rsflsctancs spsctrs assoeistsd with ths four tmtmsnts (LLL LIHLR, LIALR, 
LLR) sppiitd to ths l4n2 plots on ths cosstsl ssnd tanfs sits for ths 0.50* to 
0.70>/jm, 0.75* to 1.30*jLsn, 1.50> to 1.75*^, and 2.00* to 2.S0>)an wsvsbsnds 
ais shown in Fig. 2. Ths LLR trsatmsnt had ths highsst rsflsctancs for all sx> 
cspt ths 0.7S> to O.SOitm portion of ths 0.75> to 1.30^ wavsband, in which it 



WM^CLENGTH , UM 


Fig. 2. Spsetrophotomstrically tnsasursd rsflsctancss to: ths four grass plot 
trsatmsnts: LLi • lira vsptation and littsr intact; LIHLR • IWs vsgs* 
tation intact, ona*half of litur rsmovsd; LIALR • Hvs Tsgatation 
intact, all littsr rsmovsd: LLR • livs vsgstation clippsd, with clipping 
and littsr rsmovsd. 
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wtt lowtr than or aqual to tht othar tnatmant rtfltetancM. Rawltlng rpaetra 
irata at axpactad, axcapt for tha 0.75* to IM-faa wavabaod, fmr which tha ta* 
llaetanca spaetra In tha 0.75* to wavaband waia axpaetad to ba mudi 

highar, rimilar to thoaa of lira whaat plMti (3). Howavar, tha vagatation spaetra 
mamblad tha spactnim for bm soil Tha standng vagatation Moinaas that wu 
dippad, ramovad from tha plots, and ovan driad was 29.1% inflotaseanaas and 
stams, 26.4% standing brown biomass, and 44.5% standing gtaan biomast. It it 
spacttiatad that tha 55.5% nongraan biomata (29.1% InfloitsoanoM and stams, 
and 26.4% standing brown biomam) and shadows (Fig. 1) cauaad tha lallactanca 
for this wavaband to ba low. Ihit eondusion it tupportad by tha work of 
Gautman at al. (2), in which daad laavaa did not hava tha charaetaiistieaily high 
rsflaetanca of liva vagatation in this wavaband. 

Ilia raflactanca iavait for vagatation in tha 1.10> to 1.30*pui wavaband wara 
axpactsd to ba similar to thosa for LLR tiaatmant (Fig. 2) and thoaa for crop 
lasiduos (1). Howavar, thay latamblad tha spaetra for liva whaat plants (3). 

Ilia 44.5% graan Uomatt probably absorbad suflleiant radiation to causa this 
dacraaaa in raflactanca. This is suppwtad by Myats at ai. (4), who sbowad that as 
laavet an staekad dnpar ovar tha spaetrophotomatar’s port, tha rata of absorp* 
tanca for tha 1.20*A>n WL is hi^ar than that for tha 1.10* and 1.30*^ WL%. 

Iba F ratioa for 0.65-, 1.65*, and 2.20-m WLH wan sipificant (p -0.05), 
whfla thoaa for tha 0.55* and 0.85>ian WLb wan not 

Duncan's muitipia ranga tast indieatad that tha nflaetanca maan for tha LLR 
tnatmant was highar than and dittannt from ail othar maans, which wan 
alika (Tabia 1). This was trua for all WL with significant F ratios. Slnca nflac> 
tanca maans for tha LLl, UHLR, and UALR tnatmant wan statistically alike, 
it is highly probabla that tha Uttar accumulation had no effect on nfiactancH, 
wd whan tha quantity (50% or more) of shadow present within the plot ana 
(Fi^ 1) is considared, it saems lUcaly that shadows caused raflectancas for tha 
tiiraa tnatmants to ba alike. For tha 0.65-iam WL, Pearson and MOlar (5) and 
Learner at al. (3) attributed this result to tha very effidant absorption of ind* 
dent radiation the vegetation, causing a lower mfleetanca. 

The dacraan in nfiactanca for tha 1.65* and 2.20*ioi WL was also obaarvad 
by Laamar at ai. (3), who attributed this daenasa ehiaOy to a iowar*nfiacting 
vagetativa canopy that obscund a htgher-raflacting toil background. Shadows 
and plant water emtents wan also contributing factors. 

nia calculated t vdUM for the 1.65- and 2.20*)UBB WL's indicated that nflac* 
tancH (or dipped grain sorghum plots wan significantly (p - 0.01) highar than 
thosa for undipped plots (Tabia 2). Hiese results an also attributed chiefly to a 
low^aflacting vegetation canopy that obscund a high*nflecting toil surfaoa, 
dong with the influence of shadows. 

Iba pareant nflaetanees at the 1.35* and 2.20>pm WL's of grass plots with 
tha LLI tnatmant wen 21.8% and 16.2%, respaetiveiy, while thoaa of plots with 
a grain sorghum canopy wen 21.8% and 16.5%, itspectivaiy. Tbanfon, it 
appean that the species and condition (green or semignan) of tha vagetativa 
canopy did not influence tha nflaetanees for theta two WL's. 

Tba shape of tha nflaetanca curve for tha 2.00< to 2.50dOn wavaband differ* 
ed widely for the LLR grass plots and for tha dipped sorghum plots. Tha curve 
for tha LLR gnu piou was bimodd (Fig. 2), whanas the curve for tha cUppad 
grain sorghum plots was ball shaped, with low nflaetanees for tha 2.00* and 
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Table 1. F- T«nt mtan rt(!tcunet< mauuttd at 3 wmltnfthi for a grata 
cari jpy with 3 Itvelt of Uttar Mtabliahad unda? tha canopy* and for 
fiiie cnnopy etippad with clipping and Uttar rtmovad. 


i 

? 

r 



i 

I 


Traatmant Wavalanitht 



0.66 ftn 

1.66 ^n 

2.20 tan 



(Parcant) 


LLR* 

7.63 ay 

30.96 A 

27.55 A 

LLI 

6.27 b 

21.85 B 

16.02 B 

LIHLR 

5.72 b 

20.52 B 

15.30 B 

LIALR 

5.6. b 

20.38 B 

14.73 B 


y .^igitiflcant at tha 0.05 or 0.01 Ir/alt, raapaetivaly. All parcant maan taflac* 
tanc« .. followad by a common lattar art not tigniflcantly diffarant. 
t '.LR-liva vaffatation dippad, with clipping and Uttar ramovad; 

U ’ V vag< ^tion and Uttar intact; 

■ i . Uv( vagatation intact, ona^half of Uttar ramovad; 
^jIjj^-Uv^ja|»tatioiHntact^inittar^ai^^ 


Table 2. 

Parcant maan raflactancas mauurad at 3 wavalangths for a sorghum 


canopy and for sorghum stubbla. 


Traatmant 


Wavalangths 



0.^^ ten 

l.Siten 

2.20 im 



(Parcant) 


Canopy 

18.5 

29.4 

30 48 

Stubble^ 

17.7 

21.9 

16 45 

Found ty 

0.82NS 

7.33* 

21.93* 

^ Canopy clipptd with dippinfi rtmovtd. 


y Raquirad t.05(6)~ 2.45 

* * Significant at tha 0.05 iavei. NS • Not significant. 


% 

2.50-pnn WL and a high raflactanca for tha 2.30-Mm WL. Tha diffarancaa ba- 
twaan thasa spactra w».w probably dua to a modarata wttnaM of tha soil surfaca 
and a dark, decaying organic rasidua ramaining on tha stubMa after tha raraoval 
I of tha gran canopy and litter. 

i Raflactancaa at 1.65> and 2.20*pm WL wara highar from plots whara tha 

canopy was dippad and tha Uttar was ramovad than fhHn plots with vagatation 
and Utter. SpaciM (grain sorghum or grass) or condition (graan or samigraan) of 
t tha canopy had no significant affact on tha (aval of raflactanca for thasa two WL. 
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Hi* Iml of lltwr that accvntilattd batw aon tlw plant canopy and tha toil tur- 
(aca had no affact on laval of raflaetanca at tha 0.6S«, 1.66*. and i.20»itm WL. 
Mon ntaaich It naadad to uttofactorlly account for the unuaual nflactanca 
ipaetn for |n« canopy and Uttar In tha l.iO- to l.S0*Aan waaaband and for 
that anodatad with tha LLR tnatmant in tha 2.00> to 2.50^ mvaband. 

ACKNOWLEDGEMENT 

o 

Wa thank Juan Notlap and Romao R. Rodrifuax for diair halp in making 
nflactanca maacunmanti, and Joa A. Cudlar for hte haip in pnparing , planting, 
Md dipping tha grain torghum plott. 

LITERATURE CITED 


1. Oauamm, H. W., A. H. Qarbarmann, C. L Wiagand, R. W. Laamar, R. R. 
RoMguax, and J. R. Noriaga. 1975. Raflaetanca diffannot batwaan crop 
nddua and ban loilt. Soil Sd. Amar. Proc. 39:752*755. 

2. Oauttnan, H. W., R. R. Rodripaa, and C. L. Wiagand. 1976. Spactrophoto* 
matrie nflactanca diffanneat batwaan daad laam and ban toil. J. Rio 
Grandt VaUay Hort Soc. 80;103*107. 

3. Laamar, R. W., J. R. Noriaga, and C. L Wicgtnd. 1978. Saatonai diangat in 
nflactancat of two whaat culthraia. Agton. J. 70:113*118. 

4. Myait, V. L, C. L. Wiegand, M. D. Haiiman, and J. R. Thomaa. 1966. Remote 
Santittg in SoU and Water Contarvation Raiaarch. Proc. Fourth Symp. on 
Ramota Sant, of Environ, pp. 801*813. 

5. Paarton, R. L, and L D. Miliar. 1972. Ramota mapping of ttatiding crop 
biomaat fo? atUmation of tha productivity of tlia ihort*paet prairie. Pawnee 
Nadonai Graaaiand, Colo. Proc. 8th Ind. Symp. Ramou Sana. Environ, 
pp. 1355*1379. 

6. Stad, R. G. D., and J. H. Torria. 1960. Prineipiat and procadunt of ttada* 
t*ea. McGnw-Hiii, New York. 481 p. 

7. Suwart, G., and S. S. Hutchint. 1936. Tha point ot»crvation*piot (aquan 
foot danaity) method of vegaution survey. Amar. Soc. Apron. J. 28:714*726. 


OR!G!NAL PAGE IS 
OF POOR QUALITY 


7 


